Introduction {#sec1-1}
============

The brainstem is comprised of midbrain, pons and medulla and brainstem gliomas are tumors arising from these structures. The prognosis for children with diffuse brainstem gliomas is dismal due to its deep and critical location and its transient response to radiotherapy and is also refractory to chemotherapy. A number of combinations of concurrent chemotherapy and radiotherapy trials have been reported but have not shown any significant impact on the outcome of these patients. A number of tumor-related factors have been studied to assess their role in predicting the survival\[[@ref1]\] but no one has studied the size of the tumor as a predictive factor. The primary aim of our study is to assess the outcome of our pediatric patients treated uniformly in this institution and establish the relation of size of the primary tumor with survival after treatment with concurrent chemotherapy with temozolomide and external radiotherapy.

Materials and Methods {#sec1-2}
=====================

Between January 2010 and August 2014, we identified a total of 14 cases of brainstem gliomas out of a total of 5917 cases registered in our institution. Brain tumors comprised 2.95% of all cancers and brainstem gliomas were 8% of all brain tumors. Ten patients of all brainstem gliomas were between 5 and 16 years age. One patient whose Karnofsky performance status (KPS) was 30 died 1 day after registration hence there were only 9 pediatric patients who were included in the analysis. Rest 4 patients were 19, 40, and 50 and 60 years old and hence were not included in the analysis. The chief presenting complaints were headache, vomiting, giddiness, and weakness of variable duration. Some patients had diplopia, left sided paralysis also. Magnetic resonance imaging (MRI) in most of the patients showed diffuse lesion \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\]. In brainstem gliomas, histopathological confirmation is not mandatory and hence was planned for concurrent chemotherapy with temozolomide 75 mg/m^2^ daily empty stomach to be given before radiotherapy along with external radiotherapy. To start radiotherapy, first an immobilization cast is made, and the computed tomography (CT) scan is done along with the cast and 3 mm sections are taken. This scan is imported in the Eclipse treatment planning system along with T2-weighted MRI scan of the patient. The CT and MRI images are fused using the software available in the planning system and then contoured for target volume assessment and treatment. The gross tumor volume (GTV) including the primary lesion was marked in all cases. The clinical target volume included the GTV and the edema, and then a margin was given to make planning treatment volume (PTV). The volume of the tumor was recorded in each case as per the GTV volume. All patients received a dose of 54--59.4 Gy in 30--33 fractions to PTV with three-dimensional conformal radiation therapy or intensity modulated radiation therapy techniques with 6 MV photons on a linear accelerator. All the patients received mannitol and dexamethasone to take care of radiation-induced cerebral edema during the first 3 days and then was maintained with oral steroids. There was no gap during the treatment in all the patients due to either radiation or chemotherapy toxicity. Only 7 patients out of 9 completed the prescribed treatment, and the other 2 died after receiving 4 and 10 fractions of radiotherapy along with temozolomide. Both of them did not have any chemotherapy or radiation-induced toxicity and died due to poor general condition and advanced disease.
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Results {#sec1-3}
=======

Only 7 patients completed the treatment out of 9 pediatric patients with brainstem glioma. Two patients could not complete the treatment and died after receiving 4 and 10 fractions of radiation, due to the disease as their KPS before starting the treatment was about 30 and 40, respectively. Most of the patients had a diffuse and infiltrative lesion on MRI \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\]. The mean GTV volume of the lesion in these 9 patients was 53,58cc. Five patients had volume \<40cc and 4 had volume more than 40cc \[[Table 1](#T1){ref-type="table"}\]. The median survival in all these patients was 20 months and the overall 2 years survival is 44.4% (4/9).

###### 

Tumor volume and survival
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The median survival was affected by the size of the primary tumor. The median survival of patients with primary disease volume less than 40cc is 26 months whereas when the volume is more than 40cc the median survival is 13.5 months. The two-tailed *P* = 0.7665 and by conventional criteria, this difference is considered to be not statistically significant. Only 3 patients had grade II neutropenia and occasional vomiting, and all had alopecia at the site of radiation and grade I skin reaction due to radiotherapy. None of the patients required gap during the treatment due to toxicity and no additional supportive care was required. The 3 patients who are surviving at 7, 42, and 48 months are asymptomatic and leading a normal life. Two of these patients have small volume disease. There is no apparent late cerebral radiation effect seen in the surviving patients.

Discussion {#sec1-4}
==========

Brainstem gliomas account for approximately 25% of all posterior fossa tumors and are most common in children between 7 and 9 years of age. There is no recognized gender or racial predilection. In children, brainstem gliomas constitute about 10% of brain tumors. In contrast, brainstem gliomas in adults are poorly understood because they are quite unusual, accounting for \<2% of gliomas. They typically occur in younger adults (third and fourth decade) and tend to be of low-grade (WHO I or II).

Brainstem glioma is an aggressive and lethal type of cancer affecting hundreds of children each year. As it infiltrates healthy tissue in the critical structures of the brainstem, surgical treatment is questionable, and the prognosis remains poor. The patients with diffuse brainstem glioma on MRI scans do not benefit from surgical intervention while most of the other types of tumors involving the brainstem can be surgically removed with acceptable mortality and morbidity. Radiation therapy is the mainstay of treatment for the past three decades with recommendation of conventionally fractionated radiation dose of 54--60 Gy over 6 weeks.\[[@ref2]\] Hyperfractionated therapy has not shown improvement in survival in multiple studies and was associated with increased side effects.\[[@ref3][@ref4][@ref5][@ref6]\] Newer studies suggest that hypofractionated therapy may offer comparable overall survival with reduced burden on the patient and family.\[[@ref7][@ref8]\] The aim of this study is to establish the relation of size of the primary tumor with survival after treatment \[[Graph 1](#G1){ref-type="fig"}\].
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Only a few studies have assessed the role of chemotherapy either as single\[[@ref9]\] or as combination therapy\[[@ref10][@ref11]\] with no significant improvements in progression or survival time. A trial of concurrent carboplatin and etoposide with 70.2 Gy of hyperfractionated radiotherapy did not improve outcome over radiotherapy alone (2-year survival rate, 11%).\[[@ref12]\] A randomized trial by Pediatric Oncology Group with concurrent chemotherapy and dose escalation also showed no significant benefit over conventional treatment.\[[@ref13]\] In a study from Indian subcontinent Jalali *et al*., has shown a median survival of 9.15 months but this study did not show any improvement with the addition of temozolomide to radiotherapy.\[[@ref14]\] Similarly, no survival benefit was there with the addition of chemotherapy regimen of lomustine, vincristine, and prednisolone.\[[@ref15]\] Other chemotherapeutic drugs such as interferon, bradykinin, RMP-7, cyclosporine, and tamoxifen with or without radiotherapy also did not show any survival advantage.\[[@ref16][@ref17]\] Despite the initial positive responses observed among children with high-grade gliomas treated with temozolomide in phase I trials, Broniscer *et al*.\[[@ref18]\] reported that administration of temozolomide after radiotherapy, as an adjuvant therapy, does not change the poor outcome of children. He showed results of a multi-institutional study examining the role of neoadjuvant irinotecan followed by radiotherapy and then temozolomide. Median survival was only 12 months with a high incidence of hematologic toxicities. Cohen *et al*.\[[@ref19]\] presented a summary of 61 patients treated with concurrent temozolomide and radiotherapy, followed by adjuvant temozolomide with 1-year OS rate of only 39%. They also concluded that temozolomide does not improve the outcome in children with brainstem glioma. However, in our study where we have given temazolomide concurrently with radiotherapy in pediatric patients, the median survival is better when compared to all the other studies. Another study using a combination of temozolomide and cis-retinoic acid with radiotherapy has also failed to show any significant advantage.\[[@ref20]\] Biological agents such as the anti-epidermal growth factor receptor agent Nimotuzumab have shown some promise in a preliminary phase II study.\[[@ref21]\] A major limitation in conducting any molecular or biological studies is the lack of tissue diagnosis.

In studies of brainstem glioma treated with chemotherapy and/or radiotherapy, the median overall survival ranged from 8 to 11 months.\[[@ref22]\] Our study found the median survival of 20 months and the overall 2-year survival of 44.4% which is longer than the previous studies. However, in our study only pediatric patients were taken and the patients who have survived longer have small size of the lesion which may not have infiltrated much and possibly could be a low-grade lesion hence our study has shown a good median survival as compared to all other studies. However only a small number of patients were included in this study so we cannot say whether addition of temozolomide improved the survival. The size of the primary tumor also affected the survival in patients of brainstem glioma. This study shows that when the volume of tumor is less than 40cc the survival is good with radiotherapy and temozolomide combination. In few studies, it is found that longer duration of symptoms show a good prognosis, but there is no relation documented with the size of the tumor. We could not find any literature which showed the relation of volume of the disease with survival in pediatric age group. More studies are required to establish the relation of volume of the tumor with survival.

Conclusion {#sec1-5}
==========

This study is a very small case series of 9 patients only without proven histology and treated on the basis of MRI findings so we cannot conclude superiority of combination treatment in improving the survival. The *P* value for the relation of size of the tumor with survival is also not significant hence a definite relation cannot be established, and more studies with a large number of patients is required.
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